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Objectives: To determine the true prevalence and patterns of resistance of Neisseria gonorrhoeae to
antimicrobial agents used for therapy in London.
Methods: A longitudinal study of a representative sample of isolates of N gonorrhoeae linked to
demographic data of infected patients was undertaken. Isolates were collected from consecutive
patients attending genitourinary medicine clinics in the North and South Thames regions of London
during 3 months of each of 4 years, 1997–2000. Prevalence of plasmid mediated resistance to peni-
cillin and chromosomally mediated resistance to penicillin and ciprofloxacin was determined by
susceptibility testing. The association of antimicrobial resistance among gonococci with sexual orienta-
tion of the patient and country of acquisition of infection was determined.
Results: Numbers of gonococcal isolates collected over the same time period between 1997–2000
have increased by 74%. Plasmid mediated resistance to penicillin was low but has risen above 5% in
2000. Chromosomal resistance to penicillin has fallen below the 5% level but total resistance to peni-
cillin, plasmid and chromosomally mediated, was above 5% in all 4 years. The incidence of resistance
and reduced susceptibility to the alternative therapeutic choice, ciprofloxacin, is low but numbers are
increasing in each year. High level resistance, to both penicillin and ciprofloxacin, has generally been
found among heterosexual men and is often acquired abroad. However, there is some evidence of a
change to endemic spread in 2000.
Conclusions: This surveillance programme shows that the epidemiology of gonorrhoea in London is
changing with increasing numbers and changing patterns of resistance. If gonorrhoea is to be control-
led and targets set by the sexual health strategy are to be met, intervention with effective and appropri-
ate antimicrobial agents is essential.

Concern about the continued increase in sexually trans-
mitted infections (STIs) in the United Kingdom since
19941 has resulted in the recent publication of a national

strategy for sexual health and HIV.2 Among the proposed tar-
gets is the reduction by 25% of cases of gonorrhoea by the year
2007. Gonorrhoea is the second most common of the bacterial
STIs in the United Kingdom and has also risen in numbers
with a 27% increase between 1999 and 2000.3 If transmission
of STIs is to be prevented and government targets met signifi-
cant control measures will need to be implemented. Interven-
tion with antibiotics is an obvious measure for gonorrhoea,
where effective therapeutic agents are available, at least in
resource rich countries. Surveillance programmes have,
however, shown that Neisseria gonorrhoeae can develop resist-
ance to most of the therapeutic choices, demonstrated recently
with the increasing resistance to the fluoroquinolones.4

Gonorrhoea is found predominantly in inner city areas and
in England and Wales approximately 50% of gonococcal infec-
tions are seen in London.1 STIs in London are diagnosed
primarily at a network of 32 genitourinary medicine (GUM)
clinics and control of STIs by rapid diagnosis and effective
antibiotics should be a real possibility. However, the incidence
of gonorrhoea increased dramatically in London between
1997–9,5 a rise that continues unabated (unpublished data).
Control measures are obviously complicated by the large
number of clinics, a mobile and diverse patient population,
and by a previous lack of good surveillance data to inform
therapeutic choice. A surveillance programme for gonorrhoea
in London was established in 1997 to test a representative
sample and give a reasonable estimate of the true prevalence
of resistance to therapeutic antimicrobial agents.6 This was the
first surveillance programme in England and Wales and in the
year 2000 was extended to a national surveillance
programme.7

In this report we describe the prevalence of resistance in
isolates of N gonorrhoeae from patients with gonorrhoea

attending GUM clinics in London in a 3 month period in each
year between 1997 and 2000.

Participants and methods
A surveillance programme was established to collect a
representative sample of isolates from consecutive patients
with gonorrhoea attending GUM clinics in the North and
South Thames regions in 1997. The methodology has been
described in detail.6 Briefly, gonococcal isolates were collected
from all patients attending 10 GUM clinics in London for 3
months in each of 4 years, 1997–2000, giving approximately
78% coverage of all gonococcal infections seen in London. The
isolates were referred to a single centre and susceptibility was
tested to a range of antimicrobial agents used for therapy
including penicillin and ciprofloxacin, the recommended and
most commonly used first line treatments.8–10 Isolates were
categorised as susceptible or resistant by screening using the
agar dilution breakpoint technique and resistant isolates con-
firmed by determination of the minimum inhibitory concen-
tration (MIC)6 except for the year 2000 when the MIC was
determined for all isolates. Resistant isolates were categorised
as penicillinase producing N gonorrhoeae (PPNG), penicillinase
producing with high level plasmid mediated tetracycline
resistant N gonorrhoeae (PP/TRNG), chromosomally mediated
resistant N gonorrhoeae (CMRNG), quinolone resistant N gonor-
rhoeae (QRNG), and isolates with reduced susceptibility to cip-
rofloxacin (CIP reduced). A limited amount of demographic
data was collected on each patient who attended in 1998,
1999, and 2000, including sex, age, site of isolation, foreign
travel, and sexual orientation. Statistical analysis was per-
formed using the χ2 test using Excel (Microsoft).

RESULTS
A total of 6024 gonococcal isolates were collected between
1997 and 2000, of which 4247 (70.5%) were from men and
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1765 (29.3%) from women (sex was not recorded in 12
patients). The number of isolates received from the same 10
GUM clinics increased by 74% from 1155 isolates in 1997 to
2015 isolates in 2000 (table 1). There was little variation in
ratio of male to female isolates or the mean ages of the
patients over the 4 years (table 1). Sexual orientation was
known for 3039 (88%) male patients presenting between
1998–2000 and during this period there was no increase in the
number of isolates reported from men who have sex with men
(MSM), mean 40.9%, range 39.2%–42.4% (p=0.27, NS).

On arrival at the central laboratory 93% or more of the iso-
lates were retrieved for susceptibility testing in each year.
Plasmid mediated resistance to penicillin (PPNG, PP/TRNG)
was detected in 1.8% of isolates in both 1997 and 1998 but
increased in 1999 to 3.7% and again in 2000 to 5.8% (table 2).
Sexual orientation was known for 124 of 136 men infected
with PPNG or PP/TRNG between 1998 and 2000, of which 106
(86%) were heterosexual. PPNG were acquired abroad in 45%
of cases in 1998 and 1999 but in only 14% in 2000. PP/TRNG
were only associated with acquisition abroad in 1998 but not
in 1999 and 2000 (table 3).

Chromosomal resistance to penicillin (CMRNG) was found
among 7.6% of isolates in 1997 but this level decreased to 1.5%
in 1999. In 2000 this decline in numbers was reversed with
2.9% of isolates exhibiting chromosomal resistance. Between
1998 and 2000 sexual orientation was known for 102 of 109
men infected with CMRNG, of which 74 (73%) were known to
be MSM. CMRNG were not associated with infection known
to be acquired abroad (p=0.21, table 3) and were believed to

be acquired predominantly in the United Kingdom. Total
penicillin resistance (PPNG, PP/TRNG, and CMRNG) has var-
ied but has remained above 5% in all 4 years (table 2).

The incidence of isolates of QRNG encountered has been
low ranging from 0.3% in 1997 to 1.0% in 2000, but this repre-
sents a fivefold increase in numbers of isolates from four to 20,
p=0.03 (fig 1). QRNG were found in 34 men between 1998
and 2000, of which 24 (85.7%) of 28 where sexual orientation

Table 1 Total number of isolates received and characteristics of patients with
gonorrhoea

Year
Total
isolates

Male patients Female patients

No (%) Age range (mean) No (%) Age range ( mean)

1997 1155 780 (68) 15–60 (28.6) 368 (32) 14–64 (22.1)
1998 1295 918 (71) 15–72* (29.1) 377 (29) 13–55 (22.2)
1999 1559 1139 (73) 14–89 (29.2) 417 (27) 12–51 (22.9)
2000 2015 1410 (70) 14–71 (29.1) 603 (30) 13–53 (22.3)

*Two male patients <15 years of age.

Table 2 Plasmid and chromosomally mediated resistance among gonococci
isolated in London between 1997–2000

Year

Number of isolates (%)

Total isolates
retrieved PPNG PP/TRNG CMRNG

Total penicillin
resistance

1997 1133 (98) 6 (0.5) 15 (1.3) 86 (7.6) 107 (9.4)
1998 1203 (93) 10 (0.8) 12 (1.0) 39 (3.2) 61 (5.1)
1999 1523 (98) 14 (0.9) 44 (2.9) 23 (1.5) 81 (5.3)
2000 1979 (98) 64 (3.2) 51 (2.6) 58 (2.9) 173 (8.7)

PPNG = penicillinase producing, tetracycline MIC <16 mg/l; PP/TRNG = penicillinase producing,
tetracycline MIC >16 mg/l; CMRNG = non-penicillinase producing, penicillin MIC >1 mg/l, tetracycline
MIC 2–8 mg/l.

Table 3 Acquisition of infection abroad among gonococci isolated in London
between 1998–2000

Year

Number of isolates (%) acquired abroad/total resistant strains

PPNG PP/TRNG CMRNG QRNG CIP reduced

1998 4/10 (40) 5/12 (42) 3/39 (8) 2/4 (50) 5/8 (63)
1999 7/14 (50) 3/44 (7) 2/23 (9) 10/16 (63) 1/13 (8)
2000 9/64 (14) 6/51 (12) 11/58 (19) 6/20 (30) 7/53 (13)

Figure 1 Resistance and reduced susceptibility to ciprofloxacin
between 1997 and 2000. QRNG = PPNG, non-PPNG, PP/TRNG or
CMRNG, ciprofloxacin MIC >1 mg/l; CIP reduced = PPNG,
non-PPNG, PP/TRNG or CMRNG, ciprofloxacin MIC
0.12–0.5 mg/l.
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was recorded, were heterosexual. Infection with QRNG was
often acquired abroad (table 3). In contrast, isolates exhibiting
reduced susceptibility to ciprofloxacin have increased steadily
from six (0.5%) isolates in 1997 to 53 (2.7%) in 2000,
p=<0.001 (fig 1) and were less commonly acquired abroad in
1999 and 2000 (p=0.6, NS, table 3). Isolates with reduced
susceptibility were also associated with infection in MSM, 42
(80.8%) of 52 men for which sexual orientation was known.

DISCUSSION
This collaboration between GUM clinics and laboratories has
produced the first longitudinal data on the prevalence of
resistance to antimicrobial agents used for the therapy of gon-
orrhoea in London. The initial observation of a dramatic
increase in the number of isolates collected was unexpected
but is a phenomenon found throughout the United
Kingdom1 3 and Europe.11 12 The increase was in all age
groups5 and there was no increase in the proportion of isolates
from MSM between 1998 and 2000 which differs from reports
from the United States13 and Australia.14

In a large city such as London intervention by rapid diagno-
sis and effective antibiotics will play a major part in control of
gonorrhoea. In this study in London six of the 10 GUM clinics
are using amoxycillin (with probenecid) and the remainder
are using ciprofloxacin as first line treatment which has
remained unchanged since 1997.6 The results of this
surveillance programme have shown that the patterns of
resistance among gonococcal isolates in London have changed
between 1997 and 2000 which may be a response to therapeu-
tic choice.

High level plasmid mediated resistance to penicillin, due to
the production of penicillinase, was at a low level for the first
3 years of this study. The PPNG isolates were often acquired
abroad and were found predominantly in heterosexuals, as
found by others in the United Kingdom.15 16 However, in 2000
the prevalence of PPNG and PP/TRNG together rose to 5.8%
and were isolated from patients attending all 10 GUM clinics
with a prevalence 5% or more in seven of the clinics, the level
recommended for changing first line therapy.9 17 These isolates
were less often found in patients who were known to have
travelled abroad suggesting possible endemic spread. An
increase in a specific group in one year may be the result of an
outbreak masked by the large increase in the total number of
isolates. However, monitoring of the prevalence of PPNG in
future years is essential as treatment of high level plasmid
mediated resistance with an inappropriate antibiotic is known
to result in therapeutic failure.16

Chromosomal resistance to penicillin, which is of a lower
level, declined between 1997 and 1999. This decrease in preva-
lence may have resulted from a removal of the selective pres-
sure of treatment with a penicillin, although treatment
regimens remained unchanged in London. The national
surveillance programme (GRASP) reported that the majority
of out of London clinics were using ciprofloxacin as first line
therapy.7

In 2000 there was a small increase in CMRNG isolates but
the level remains less than 5% of the total. CMRNG isolates
were associated with infection in MSM, owing to the
increased prevalence of strains carrying the mtr mutations
among these infections,18 19 which confers resistance to faecal
lipids and aids survival in the rectum ensuring continued
transmission. CMRNG isolates are associated with >5%
chance of therapeutic failure20 but are considered less of a
problem than PPNG isolates because CMRNG have a lower
MIC than PPNG isolates (approximately 1–4 mg/l compared
with 8–32 mg/l). The chance of therapeutic failure is related to
the MIC of the infecting organism and is greater as the MIC
increases. The association of CMRNG with infection in MSM is
well established and should not present a problem for therapy
unless gonorrhoea increases particularly in this group.

Ciprofloxacin is a recommended alternative for first line
therapy8 and is used by four of the 10 clinics in this study. The
level of high level resistance to ciprofloxacin in London is low,
which contrasts with levels of resistance found in other parts
of the country.7 In 1998 and 1999 infections with QRNG were
often acquired abroad and found in heterosexuals, as reported
previously in the United Kingdom.21 22 Therapeutic failure with
QRNG is high21 and has been largely controlled by identifying
infected patients with a recent travel history. However, in 2000
the number of QRNG increased and were less commonly
known to be acquired abroad which may reduce the effective-
ness of treatment based on travel history.

The drift in reduced susceptibility to ciprofloxacin over the
4 years may be more worrying. These isolates are known to be
endemic23 and to be prevalent among infection in MSM. The
MIC that relates to therapeutic failure to ciprofloxacin has
been chosen as 1 mg/l or greater, although treatment failures
have been documented with isolates with MICs between
0.12–0.5 mg/l21 22 albeit at a reduced rate.

These results give the first real estimate of the prevalence of
antimicrobial resistance in gonococci from a representative
sample of consecutive patients in London. The increase in total
numbers of isolates and the patterns of resistance indicate
that the epidemiology of gonorrhoea in London, as in many
other parts of the world, is undergoing change. One of the
challenges is to reduce gonorrhoea by effective therapy. Gono-
cocci will develop resistance in response to antibiotic pressure
and presumably can maintain sensitivity if the selection is
removed. Sufficient dosage of an effective and appropriate
antimicrobial agent administered at the earliest opportunity,
preferably at the patient’s first visit to the clinic, is essential to
break transmission. In London, diagnosis and treatment are
complicated by a mobile population that attends a network of
clinics and hence the necessity for good and continuing
surveillance data is paramount. This will be provided, at least
until 2004, with the success of the pilot for national
surveillance.7
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